Lnklug at a map of I}cmrk you will see thut the country consists
of ane peninsula, Jutland, .and a multitude of islands, the largest of
which are l‘,nn (mm) ’ sjanmd (Zealand), Palster and Lollana.

Mmti&a& traffic follows two main lines, one coming from North
vﬂw through Slesvig to the town of Fredericis where it divides into
twp 1inés, one continuing north te the main towne of Jutland (aarhus and
Aal™ s+ and the other going eamt scross the islancs of Fyen and $jel-
lamd te Copenhagen. From Copenhagen a ferry service carries the traffic
. en te Bwedan., The other main line comes from North Cermany (Russian Zone)

. wis Wernenfinde YWy ferry to Gedser {Falster) and from there to Copenhagen.

The latter line is pruetieﬁ.ly cut of count just nov,

: . The bottlenscks in international traffic havs been the crossings
~ from the eontinent to the iplands and from one island to another, and
. R e8 have Deen gonstructed to desl with the traffic,
2 e  Jutland to Fyen crossing the Little Belt, &nd cne from Falster
- s:-nma.

8 fis next :tcp plana have been discussed for years concerning the

ien of bridges acrose the Great Belt (between Fyen and sJmlland)
and aetsis Presund (the Sound) between SJalland and the southern part of
Swedsn, The distances to be bridged are in both cases 16 km (10 miles
approx.) as thé erow fliee,

’rhn project of a bridge geross the Sound 18 especially being dis-
ecussed at {reumt, and 6 Swedish and Danish engineering firms have com-
bined to elaborate a project of such a bridge. On Tuesday 1(0th February
the director of one of the Danish firmg, Civil Engineer FKnud Hedswa,
gave the folleving lecture en the subject in the Civil ¥ngineers' As-
sociatien,

Xxedect Lox en Zresund conpection
Jatzeduction
In the spring of 1936 i.e. 17 yca.rs ago, a group of enginsering
firms published & project em‘body a system of Tanish motor roads end
pridges across the Great Belt anQ resund, The aim was to further the
lanning of an up-to-date road and rail connection between the Tanish

slands as well as betwaen Denmark and her neighbore to the Nerth, South,
Zast, and VWest,

The fiminvalvad, were, Irom :’swc'deri

Aktisbolaget Armerad _Batong, Hans Michelsensgatan 1B, Malmd. Box 329
, m«: Axtiebolaget Contractor, Kungmgatan 28, Stockholm
: uet Bkuuh centntg,iutoriat. H“‘“z;ﬁa"h‘l"n"‘t“ 18, ¥alm8.
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Christianl & Yielsen, Zrstedhus, 41 V. Farimagsgeade, Copenhagen V
Hejgaard & Schults Ltd., 9 Ewaldsgade, Copenhagen N
Kampmann, Kierulff & Saxild Ltd., Dagmerhus, V. boulevard, Copenhagen V

In the vears following the introduction of the projects they wers
subjected to a thorough and critical sxamination by the authorities, and
the public in genersl also reseived them with consideradles interest. At
the outbreak of World War II the projects were of course abandoned for
the time beling, and it is only recently that they were once more taken
up for discuation in publie. Interest has particularly concentrated on
the two extensive bridge projects of the Great Eelt and the Sound.

As regards the Great Belt bridge the Danish authorities have taken
a special initiative, a3 a commission has been appointed to investigate
the possibilities. Many problems are involved, both of a technical, an
economic ard a political nature,

While the execution of the Great Belt project may have to be con-
sidered mainly as a Danish problem, a connection across the Sound has
an entirely different charscter. This is a task to be undertaken by the
Northern countries in cooperation, for although it is primarily Sweden
and Denmark which will have to make the declsion and bear the expenses
of the execution of the work, there is no doudbt that Norway and Finland
will alsc be interested in the establishment of a modern continental
traffic line.

The task being mainly of interest to Sweden and Denmark, and Sweden
being morsover the one of the Northern countries disposing of the great-
est resources, it is evident that it will be indis; ensable for the exec-
ution of the project of a Sound connection that Sweden is willing to en-

. ter into a cooperation with Denmurk as regards the solution of the prob-

lem, It is therefore netural to ask how Sweden looks upon the matter. In
my opinicn the answer muat be that, whilst 17 years ago, at its birth,
the EYEXYE project was received without much enthusiasm in Sweden, the
attitude towards it is now much more positive. From the numerous state-
ments published in the Swedish press, both by editors and by the pudlic,
it appears that the interest is increasinf. and as far as I understand,
the Swedish parliament has recently in principle apyroved of a suggestion
‘hat negotiations shall take place between the Swedish and Danish govern-
‘s In order to find out whether it will be advisable and possidble to
4g thie great project. The matter is placed on the agenda of the
seoting of the Northern Council, which is taking place now,

Prodect of 1936 revised

As already stated, nearly 20 years have pasaed since the idea of
the construction of a bridge acroes the Sound was first taken into seri.
ous consideration, and it is evident that in a renewed discussion of the
matter the reeent developments within the means of communication wikl
have to be especielly eonsidered, In this conneation, what is ¢o bde con.
sidered is not only the fast that traffic both on road and rail, by sea
and air has inoreased on & much larger scale than could be foressen 20

i
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great importance at present is that two of
ne1 or. betwean the Scandinavian sountries and
Mt have practically ceased functioning, namely the line via
sﬁ&iﬁ'f’ (Germany-Tenmark) and that via Sassnitz-Trelleborg

n) .

In reviewing the Sound project of 1936 an important point is that
 Ans amendments will to a great extent have to be based on the pPro-
%y ch have been undertaken ky the public authorities on both shores
#f the Sound. Thess proJjects, which are being died both by Danish and
- Bwedish suthorities, are proof that the possibil ty of a connection ace
#0AS the Sound in a near future is taken into account,

. AS @ f£irst step towards an amendment of the plans the 3 Swedish

EmS Yeyised the project of 1936 in the course of the autumn of 1952 4in
B¥ler to inform the Swedish authorities of the estimated expenses of a
bridge today. The calculations show that the construction which before
the war might have been built for about IC 150 million (& 21.5 million),
‘would today cost about DC 550 million (# 80 million). These figures would
cover & bridge with a railway track and a road,

In October 1952 a statement was made to the Swedish authorities and
organizatione interested, to the effeat that a more thorough study would
be mades of the project, taking the changed conditions into coneideration,
and thies {s the result of the study.

Renewed investigatiens have proved that it would not be advisable to
construct a bridge today according to plans which were considered satis-
factory 17-18 years ago. Two factors will especially have to be taken in-
to considerationt 1) the faot that the automobile traffic has increased
far more than was foreseen, and will develop to an ever increasing ex-
tent, and 2) that a conneetion scross the Sound mist in no way interfere
with the traffic on Kastrup Airport.

" In view of the latter point the bridge line across Amager will have
to be placed south of the areas which may conceivably be taken over by
the Airport, and it f{s therefore suggested that the new line be placed
south of Dragsr and of the fortress just outside this town. Moreover,
the access to the Airport must bve considered, and thus the possibility
of construecting an elevated dbridge across the Drogden channel is ruled
out, Such a bridge would have tc be at a height of 50 m (165 f£t) above
sea level for the greater part of the distance, snd the part of the
bridge spanning the ckannel where the uhigs pasa, would have to be sbout
300 m long (325 yds) and to be 80-90 m (260-295 ft) above sea level, &
lower bridge with a bascule span allowing ships to pass, would hardly
be adequate in this place, and the only remaining soclutien will then be
to construct a road and rail connection in tunnels below the Irogden
channel with approaches on low dams from the shores at Amager and Salt-
holm,

s o

Ay

Across Saltholm and the eastern part ef the Sound the projected
;- ¥oad and railway can run on dams snd along an elsvated bridge, as fore-

. Been in the project of 1936, The 3 channels - Sal tholmrenden, Flintren-
Gden and Trindelrenden -~ will then bde wut right angles on the bridge line,
sc that the aetual passage of the ships will take Place in the easiest
and safest way., From the point of view of shipping the change from
bridge to tunnel at Drogden must be considered a definite improvement;
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Alm for the pessage from Amager to Sjwlland it might be considered &
advisable to use a tunnel over part of the distance, particularly in %‘
view of the projests for an expansion of Copenhagen Pert, which cover ;.
the possible somstruction of a scuthern port and a dq;pening of th. .
south channel to 7.5 m (24,95 ft), LR

With the surface and underground conditions the present project,
comprising a bridge-and-tunnel connection, will be rather more sxpensivae
than a briige connection, and everybody will agree that it is more pleei-
ant to go by bridge than to go through a tunnel. We have therefore aimed
al shortening the tunnel distances, and I can mention that the length of
the tummels for the road will be abt. 2.3 km (1.5 miles) below Drogden
ang 8bt. 1,2 km {3/4 mile) below the south channel between Sjwlland and
samager, For the railroad the tunnels will be considerably longer, i.e,
sbte Be8 km {3,5 miles) below Drogden and abt. 3.5 lm (2,2 miless bal ow
the south channel, due to the fact that the rise for the raillway muist Y»
rensiderably less than that ¢f the road, ¥e have caleulated with an ad-
miassible rise of 1:10C for the railway snd of 31100 for the road.

I spite of the additional expenses of this construction and &f
certain, not really important, disadvantages of the traffic in tunnals,
the proposed combination of bridge and tunnel must be considered ths
right solutien when all relevant factors are taken into acocount.

1 shall below indicate the alterafions in the project made in view
of the highly increased traffic between Sweden and Denmark, Some fige
ures will ehow the devrlopment. The number of cars ferried scrxoss the

Lound was

FAVIELY 30, 000
1939 41,000
1951 160,000
1952 190, 000

It i3 of interest to state thet practically all automobiles use the
Elsinore-HAlsingborg crossing; only abt. 12,000 & year have used the
Copenhagen-Malm¥ crossing in 1951 and 1952. Thie probably implies that
tre route im umsed to capacity.

The number of pe r sons using the traffic means between Sweden and
Lenmark wers

1935 ‘ 1.3 millien
1939 1.5 million
1951 3.6 million
1952 5.2 million

The quantities of merchandise transported have increased from abt.
300.000 metric tons a year in the time before the war, to abt. B00,00¢
metriec tons & year in 1951 and 1952,

If a road and rail connection is established betvween Sweden and
Tenmark, there is no doubt that the traffic as a whole, and espsaially.
the sutomobile traffic, will inorease consigerably. i shall later em ..
make & prognoeis, but hers I shall just und erline the fact that a ¢on-
strurtion like this ought to be built with & view to long-time develop~
ments, The large road bridges which were built 15-20 years ago - smpiow
cially those of the Little Belt and at Masneds- Orehovad - vould re
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with wider rosdways if at the time it had been resl.
,_nggitg.txaff;h would be so rapic and s¢ important as

R 936 it was thfought sufficient that the road bridge should care

¥y thtes roadways. Today we ars of opinion that four roadways - two in

. AugR direction - will be indispensable both from the point of view of
eapaeity and for security ressons, and we propase that these roadways,

- etk in tunmel and on bridge, have & width of I m (9,8 ft), whereas the
Width on the dams and across Amsger will be of 3,5 m (11,4 ft) as im gen-

- ‘erally demanded for the construction of motor roads. The total width wi X

‘Shus be 2 x 6 mand @ X 7 m, On the bridge and in the tunnels & stona

o elming will separate the two directions, and on the dams and on lanéd »

. Wtripe of grase will occupy the center of the road,

AN As regards the railwsy, after discugsing the problem with the Dan-
4 . ‘$sk Stdte Railway techniciens, we have considered it advisable to pre-
K. pese & single track on the bridge and in the tunhels, whereas a double
e track will be constructed over all land distances and a side trasck Rz
-~ tam en Salthelm,

. .~ In the original project a track was included for cyelists. In the
; medified project thie has been removed. For one thing eycling in the
tunnels will de uncanfortable, and for another the enlargement of the
tunnels necessary to meke room for a bicycle track will bve extremely
oestly, Finally, it is not likely that there will be much bicycle traf.
fic between Copenhagen and Malm$ on account of the lo d hilly road,
Cyclists who will wish to cross the Scund will therefo 0 use train
or bus. Motorevcles and bicvcles with subsidiary motors may of course
use tue rceadways,

A special problem in conne’ ction with the projecting of a link be.
twveen Denmark and Sweden is that of Joining 4t up with the al ready ex-
isting road and railway systems, In the modified project a tie-upy has
tentatively been made, but it is evident that many probleme in this re-
spect demand & more thorough investigetion than it has been possible to
make until now. One difficulty to pe pointed out is that of tying up the
new eonnection from Sweden with the existing reilway system at the Copen-
hagen Central Statien, but it is to be hoped that it will be overcome.

Sonstxuction period

As regards the time to be used for the cons_truction of the bridge
and tunnel connection described, it should be possible to perform the work
in the course of 8 years from the day when the decision haes been made; in
these 8 years a pericd is included for a detailad planning of the various
cons_truction works. The question is, how much time will it take before a
desision can be made. It may be optimistic to count upon 2-3 years. It
will depend on the will to reach & rapid solution of the problem on both
sides of the Sound,

Ssustruction and maintensnce conty

The construction of the combined road and railway connection acroass
. the Sound, ascording to the plan proposed in 1936, would at the level of
- prices of the time cost abt, IC 150 million. Converted on the basis of
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The revised project now submitted is conslderably moce geutl,
which is due to the factors already mentioneds by the shiftiang of -
line t6 the south it has become rather longer; tunnels are used in sou
places instead of a bridge, end four roadways are proposed instead of
three. In a proviscery and espproximate estimate the tetal consiruetion
coste will amount to IDC 800 millien (£ 115 million). To this Ieist be
added the fact that at any rate on part of the capital investod Litera
esi will have to be paid, and the total sum will thus be DC 1 Billiém
(g 343 milliﬁn)o

It mey be thought that this amount 1s sc enormous that the projeet
will have tc be given up. However, it mRy be possible to obtain the sum
in the course of 10 years or so. In this connection it may e mymtiened
tnat the Swedish State budget is of SC 8 bilidon (1.5 billion g) a year,
#nd the Denish of IC 5 billien (g 700 millioen).

orecver, as far as Denmark is concerned, it may be mentioned that
tl.lions have already been spent on road constructions and road repairs,
and that a yearly sum of abt. DC 200 millien (# 30 million) is levied in
tre form of various taxes. ThLe road fund disposes at present of DC 600
million (£ 90 million), of which part will be used for the projected
read construction,

A distribution of the capital investment between Denmark and Sweden
with 50%Z to each and a distribution of the amount over a period of 10
years would imply a yearly amount of DC 50 millien (8 7 million), and this
seems within the limity of pPorsibility., It might be considered whether
half the construction costs could be a direct state subsidy (through ths
road funn or other means), corresponding tc IC 2% million a year for 190
yearse from each side of the 3ound, while the seconc half might De OD-
tuined by issuing government bonds for which interests ana depreciation
might be covered by the bridge revenue.

“his ruises the interesting question whether a road and railway
connection like the one preposed, can and ought to yield revenues, Even
with bridge or road connectiones of some importance in this country, we
“re no longer accustomed to paying turnpike money. The development in
t@.e USA has gone in the opposite direction. The payment of passage money
is considered a matter of course, and the actual payment is eahkily ar.
ranged., ¥rom detailed statistics it appears thqt the revenue everywhere
exczeds by far that foreseen in the finsnciel forecasts,

An operating budget for a Sound connection would be pure conjec-

ture, but & hypothetical budget for the traffic which might be reached
§§y= YA Red. ) R6R.1 YT 17Y59.0% ] ® EEXBEYITER

5 years aftér the éonnéctionNﬁéa.been.éétahlinhed. i.e. ét the iarliest
15 years from today, would be along the following lines:

"he yearly revenue:

Passenger cars 2 million A IC 10.00 IC 20 million
Motorcycles 1 million A DC 4.00 IC 4 million
Buses, 2 million passengers & DC 2.00 ¢ ¥ million
Trucks, 100,000 vehicles & DC 20.00 DC 2 million

Contribution of railways w

Totals DC 33 million
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e operating and maintenance expenses for tunnels and bridees may
be estimated at 3 or 4 miliien a year,

On this baele an amcunt of abt. IC 30 millien would remain for in-
terests and reimbursement af To 500 midlien (half of +the caritul investeco,
as mentioned before),

As regards the single items of the revenue, it may be said that a
payment of DC 10,00 per passenger caxr is high, but it is to be conside
ered that no special Payment has to be made for the ragbengers, and 1f
they number 3 per car, this means that not only 2 million cars but also
6 million Peé r sons can go frem Sweden to Denmark and vice versa by pay-
ing DC 20 million, and that may certainly be considered reasonable,

Vhether the rail traffic will be able to contribute 3 millions it
has not been possible tc find out. The figure may be 2 or 3 times higher,
or this item may be excluded if, for example,the connection were estabe
licrted &8s a road connection only. This is a solutien which cannot be
quite excluded. In that case the construction costs woulda be reduced
30 to 35 7, and would only amount to DC 5%0 million &s against DC BOO
million for a combined road and rail connection,

social effects of the rroject

fFelt and the Sound were submitted in 1936, the effect of their adoption
on the unemployment prrblem waa strongly underlined. At present both ler.
mark ana Sweden have very nearly 100 ¥ employment, but nevertheless it is
thought that the erployment Possibilities in connection with the construc-
tions will be of interest. The share of the capital used for Balaries will
be adbt., DC 250 millien (% 35.7 mi1lion), and in generul it may be estim-
ated that a salary outlay of DC 250 million will indirectly create more
employment, soc that in fact snployment corresponding to about double that
amount will result.

Yoreover, experts are of the opinion that a depression and unemploy-
ment cyecle is bound to set in, and both in Sweden and Denmark plans are
being made to counteract this development. The censtruction of a connece
tion across the Sound might naturally be included in such plans,

In addition to the other advantages offered by the project, its
value from a tourist point of view both for Denmark and for Sweden may
also be mentioned,

Arognosis of traffic

Here it will bYe necessary to mention some figures showing the devel-
spment in the motor traffic of recent years;

b3

Nunber of passenger ears, not including motorcycles:

in 1938 1651 Increase %
UsaA 25.6 mil11, 42,6 mill. 66
Swede 156,000 313.000 100
mtzm 154,000 324,000 110
" Switserland 76 . 000 170.000 : 124
Denmary: 110,000 i 122,000 11
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On the basis of these figures the prognosis can bs made. It is
quite apparent that Denmark i far behind as regards the growth in the
number of vehicles. When conditions permit it, the number of motex yee .
hicles will be inoreased by 100 £ in the course of a Lew yaars. »
way and Finland an increese may also be expec ted. IR

255 4

The number of cars available is not the only factor to be conaid.
ered. Traffie will also depend on the amount of exploitation of esok e A
vehlcle, and there is no doubt that the degree of exploitation isfar ©
higher today than 15 years ago.

The increase in traffic across the Sound in the course of the last
10-1% years has already been given,

£ comparison with the development in conneetion with the bridge
across the Little Belt may be of interest. In 1927, when it was decided
to build the bridge, abt. 62.000 motor velhilcles were ferried across the
Little Belt. The year before the opening of the bridge in 1935 the nume
ver had inereased to 116,000, In the calendar year 1936 §33.000 motor
vehicles passed the bridge, i.e. 4.5 times as many aa immediately defore
the opening and ¢ times as many as in 1927. Since then traffic has devele
oped as follows:

1938 614,000 motor vehicles
1950 585.000 " "
1952 85.000 " "

FPor the bridge lasneds-Orehoved the increase in number of motor ve-
Picles the first year after the opening of the bridge was such that 7.5
timee 2p Luny crosced the bridge as were ferried the last year preceding
the opening of the bridge, : _

Eimilar instances may be given for greatl bridgee in Sweden,

A1l things'ccnsidﬁred, the figures given as a rrognosis for a future
connection across the Sound may even be too low., They may be 50 or even
100 % higher.

¥here to place the connection

This 18 of the utmoet importance. The point is to select & placs
where the meximum use, i.e. the maximum traffic, may be expected. The
traffic will be partly inter-sScfigdinavian, but partly aleo international .
treneit traffic, i

I would estimate that perheps 70 or 80 % of the total traffic will
be Swedish-Danish, as the connection will, quiie naturally, be used madm.
ly by the 2 million Ianes and Swedes reopling the shores of the Sound,
Tkis fantor will probably have to be considered first of all, and it 1s
cefinitely in favor of the line Copenhagen-linlm8. To this must be added
the fact that the geoclogical conditions here are especially favorabhls
both for a tunnel and a bridges: the sea is relatively shallow and thas ;
bottem is firm chalk roek where the pillars of the bridge and the tunnel j
are easily placed, Alaoc from the peint of view of shipp the con oo :
tions are favorable, especially when tunnel constructions are used, as .
suggested. Finally it is to be mentioned that excellent road tie-ups am 5
easlly established on both shores of the Sound, but that it is a sade ;
vantage that some difficulties will arise when the traffic Irom Sweden
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Consequently, the firms involved considered it advisable to con-
centrate their efforts on a project between Copenhagen and Malms,

However, there are also other possibilities, and in the course of
the years three other lines have been discussed, namely one between
Taarbek on the Danish sideé and Barsebik on the Swedish, one acroess the
island of Hven, and one to thernorth of Elsinore-Halsingborg. The two
former lines are not likely to be considered, if only because the con-
structions will prove far too costly. The line Elsinore~-Hélsingborg will
offer the shortest and quickent connection tetween Sweden and Denmark,
5.5 km (3.4 miies), and this 18 a factor in favor of placing the con-
nection here. For the railways this line would be preferable. Lut the
question ie if this traffic is to be consicered over and above the motor
traffic which more and more, all over the world, takes the place of the
railway traffic. Here also the bottom and the current will cause greater
difficulties in the construetion of a bridge or of & tunnel than for the
line Copenhagen-Malm¥,

Three projects have been established for a northern connection,
twc as bridges and one as a tunnel. The estimates seem to indicate thet
the construction costs for this line will not be very much higher, and
for a tunnel perhaps even lower, than for the CopenhegeneMalmé 1line,

in connection with the deeision I wish to point cut that in the
long run it may not be a question of either-or, but o¢f both-anu, A
soluticn wculd be to estmblish a motor road connection Copenhagen-}ulmd
to begin with, and later on a railway connection Elsinore-Hiélsingborg,
pospibly with the use of a tunnel. In that case the reilway traffic
wculd have to tuke place by means of the existing ferry connections
Copenhagen-lialmd and Elesinore-HElsingborg, and anyway it may be advis-
able to kee; these connections as a reserve, allowing people who pre-
fer thiz means of communication, to go by sea. It is quite likely that
in the traffic between Denmark and the other Scandinavian countiries
all the lines of commnication may be used to capacity, including the
2ir iines.

As an illustration of the projects § drawings have been nmade, 4
.5r the southern line and 5 for & bridge or tunnel connection betwsen
~lainore and Hilsingborg.

NI 333 frojected line of tunnel-bridge connection Copenhagan-iaim®
ho. 3 Profiles of rallroad and of motor road
No. Cogc? Details of tunnels and bridge
Nu, 305 Details of tunnels and bridge
No. 401 Yrojected line of bridge connection Elsinore-Hiélsingborg
I Hap Elsinore-HHlsingborg and details of Yrioge
3 Another bridge project Elsincre-Hilsingborg
cod Frojected line of tunnel Elsincre-Hilsingborg
405 Details of tunnel Elsinore-Hiélsingborg
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